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AB STRA C T 
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It is sugges ted  t h a t  the v a r i a b i l i t y  of the p e c u l i a r  hel ium 
s t a r  HZ 29 i s  due t o  nuc lear -energ ized  p u l s a t i o n s  i n  a s t a r  of 
7-8 Mg on the  "helium-burning main sequence."  
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HZ 29 i s  a f a i n t  h i g h - l a t i t u d e  s t a r  d i scove red  t o  be 
" d e c i d e d l y  b l u e "  i n  c o l o r  (Malmquist 1936; Humason and Zwicky 1947). 
It i s  remarkable  i n  showing only l i n e s  of H e  I ,  which a r e  u n u s u a l l y  
w i d e  and sha l low ( G r e e n s t e i n  and Matthews 1957; Greens t e in  1958) 
w h i l e  undergoing a pho tomet r i c  v a r i a t i o n  w i t h  a p e r i o d  of 18 min 
(Smak quoted i n  Whitford 1 9 6 2 ;  Smak 1 9 6 7 ) .  Greens t e in  sugges ted  a 
c l a s s i f i c a t i o n  f o r  t h e  s t a r  a s  a he l ium w h i t e  dwarf ,  which would 
p l a c e  t h e  s t a r  close t o  t h e  sun and account  fo r  i t s  h igh  g a l a c t i c  
l a t i t u d e . .  Smak con jec tu red  t h a t  t h e  pho tomet r i c  v a r i a b i l i t y  and 
t h e  p o s s i b l y  double  s t r u c t u r e  i n  t h e  he l ium l i n e s  might  be due 
t o  t h e  p re sence  of a c l o s e  e c l i p s i n g  companion, s i n c e  such a s h o r t  
p e r i o d  i s  t h e o r e t i c a l l y  p o s s i b l e  i f  t w o  w h i t e  dwarfs  form a b i n a r y  
sys tem.  
I n  t h i s  communication, w e  p o i n t  o u t  c e r t a i n  d i f f i c u l t i e s  
w i t h  the i n t e r p r e t a t i o n  of HZ 29 a s  a w h i t e  dwarf i n  a c l o s e  
b i n a r y  system. W e  t h e n  make an e n t i r e l y  d i f f e r e n t  i n t e r p r e t a t i o n  
which may account  better f o r  t h e  p e c u l i a r i t i e s  of  t h e  o b j e c t .  
The b i n a r y  h y p o t h e s i s  m e e t s  w i t h  a number of o b j e c t i o n s ,  o f  
which Smak h imse l f  p o i n t e d  o u t  t h e  m o s t  impor t an t  one .  H e  noted 
t h a t  the l i g h t  cu rve  i s  d e f i n i t e l y  asymmetr ical  i n  shape .  Moreover, 
it looks v e r y  mich l i k e  t h e  l i g h t  curve  of many known p u l s a t i n g  
v a r i a b l e s .  Second, t h e  he l ium l i n e s  a r e  t o o  sha l low and d i f f u s e  
f o r  a c e r t a i n  conc lus ion  t o  be drawn r e g a r d i n g  t h e i r  d u p l i c i t y  
( G r e e n s t e i n  and Matthews 1957) .  T h i r d ,  no l a r g e  l i n e  s h i f t s  were 
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d e t e c t e d  when p l a t e s  w e r e  t aken  a t  short i n t e r v a l s  b y  G r e e n s t e i n  
and Matthews (however, the i r  o b s e r v a t i o n s  were made b e f o r e  t h e  d i s -  
covery of  t h e  u l t r a s h o r t  p e r i o d ) .  F i n a l l y ,  the U ,  B, V c o l o r s  a r e  
u n l i k e  t h o s e  of any known c lose -b ina ry  systems c o n t a i n i n g  a wh i t e  
dwarf (see below). 
The i n t e r p r e t a t i o n  of HZ 29 a s  a w h i t e  dwarf i s  a l s o  sub jec t  
t o  q u e s t i o n .  The s t a r  h a s  been c l a s s i f i e d  a s  DBpnn by G r e e n s t e i n  
b u t  i t s  p a r a l l a x  i s  unknown and it does  n o t  resemble o t h e r  DB 
s t a r s  which a r e  known t o  be whi te  dwarfs  f r o m  p a r a l l a x  d e t e r -  
m i n a t i o n s  (Eggen and Greens t e in  1 9 6 5 ) .  The s t a r  h a s  hel ium l i n e s  
f a r  t o o  wide and sha l low compared w i t h  t h o s e  of normal hel ium 
w h i t e  dwar f s .  I ts  c o l o r s  a r e  B-V = -0 .22,  U-B = -1 .02 ( H a r r i s  
quoted  i n  G r e e n s t e i n  1966;  Smak 1967) w h i l e  t h e  s i x  o t h e r  s t a r s  
c l a s s i f i e d  a s  DB and having  known c o l o r s  l i e  s t r i c t l y  i n  t h e  
r ange  -0.12 5 B-V 5 - 0 . 0 6 ,  -0 .97  5 U-B 5 -0.92 (Eggen and Green- 
s t e i n  1965; G r e e n s t e i n  1 9 6 6 ) .  The r a t h e r  b l u e  c o l o r s  resemble 
m o r e  c l o s e l y  t h o s e  of t h e  b l u e  subdwarfs  which Greens t e in  c l a s s i f i e s  
a s  sdB and which may cover  a very  wide range  of l u m i n o s i t y .  
W e  s u g g e s t  t h a t  HZ 29 i s  a luminous s t a r  of  h i g h  mass on t h e  
"hel ium-burning main sequence" and t h a t  i t s  v a r i a b i l i t y  i s  due t o  
r a d i a l  p u l s a t i o n .  Boury and Ledoux (1965) showed t h a t  s t a r s  
composed of e s s e n t i a l l y  pu re  helium (Deinzer  and S a l p e t e r  1964) 
become u n s t a b l e  a g a i n s t  nuc lear -energ ized  p u l s a t i o n s  above 7-8 
M a .  S i n c e  t h e  i n s t a b i l i t y  is  q u i t e  v i o l e n t  above t h i s  mass,  a ' 
s t a r  f i n d i n g  i t s e l f  wi th  a g r e a t e r  m a s s  ought  q u i c k l y  t o  e jec t  
m a t t e r  and a t t a i n  t h e  c r i t i c a l  mass. T h i s  h a s  been  i n f e r r e d  
o b s e r v a t i o n a l l y  i n  t h e  c a s e  of the hydrogen-burning main 
sequence s i n c e  no hydrogen stars a r e  known h e a v i e r  t h a n  about  
60 Ma, t h e  c r i t i c a l  mass f o r  hydrogen bu rn ing  ( S t o t h e r s  and Simon 
1968) .  
damental  p e r i o d  of r a d i a l  p u l s a t i o n  t o  be e x a c t l y  18 min (Simon 
and S t o t h e r s  1969) .  Evo lu t ion  du r ing  hel ium burn ing  i s  expec ted  
t o  change t h i s  v a l u e  v e r y  l i t t l e .  
Adopting 7.5 Mo a s  the mass of HZ 29,  w e  f i n d  t h e  fun-  
P receden t s  exis t  f o r  u l t r a s h o r t - p e r i o d  p u l s a t i o n .  The 
71-second f l u c t u a t i o n  i n  t h e  l i g h t  curve  of DQ H e r  i n v e s t i g a t e d  
by Walker and the a u t h o r  i s  m o s t  l i k e l y  due t o  p u l s a t i o n  of  the 
white-dwarf component (Walker 1961) . A 'I t r a n s i e n t  p e r i o d i c i t y "  
close t o  the p e r i o d  o f  HZ 29 has  been found i n  SS Cyg having  a 
v a l u e  of ~ 1 6  min (Zuckermann 1961) and i n  BD + 14O341 having  a 
v a l u e  of d.14 min (Wil l iams 1966) .  L ike  HZ 29 t h e s e  s t a r s  a r e  
p robab ly  B subdwarfs .  However, t h e y  a r e  a l s o  dwarf novae, i . e . ,  
m e m b e r s  of c lose -b ina ry  sys tems,  w i t h  r e l a t i v e l y  low masses and 
l u m i n o s i t i e s  and r e l a t i v e l y  r e d  c o l o r s  (Mumford 1967) . Neverthe- 
less, shor t -pe r iod  p u l s a t i o n  does s e e m  t o  e x i s t .  
The spectrum of HZ 29 cannot  be sim;?ly exp la ined  by h igh  
g r a v i t y ,  a s  i n  a w h i t e  dwarf (Greens te in  and Matthews 1 9 5 7 ) .  I n  
o u r '  i n t e r p r e t a t i o n  the s u r f a c e  g r a v i t y  would be r a t h e r  low anyday 
-- 15 go f o r  a s t e l l a r  r a d i u s  of  0 .7  Rg. Greens te in  and Matthews 
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suggested r o t a t i o n  a s  t h e  mechanism which i s  broadening  and 
p o s s i b l y  doub l ing  t h e  he l ium l i n e s .  I f  o u r  model w e r e  r o t a t i n g  
a t  a v e l o c i t y  close t o  breakup,  i t s  e q u a t o r i a l  v e l o c i t y  would be 
of t h e  order  of 1400 km/sec. This  i s  n o t  i n c o n s i s t e n t  w i t h  t h e  
ohserved l i n e  wid ths  (Greens t e in  1958) , i n t e r p r e t e d  a s  Doppler 
motion.  Moreover, it i s  known t h a t  a number of main-sequence OB 
s t a r s  a r e  i n  f a c t  r o t a t i n g  a t  a v e l o c i t y  close t o  breakup ( e . g . ,  
Aller 1 9 5 3 ) .  The h i g h  i n f e r r e d  v e l o c i t y  of HZ 29 i s  t h u s  con- 
s i s t e n t  w i t h  i t s  presumed d e r i v a t i o n  from a m a s s i v e  s t a r .  
The d i s t a n c e  of HZ 29 may be r e a d i l y  computed on t h e  b a s i s  o f  
o u r  model. 
T e  = 110000 OK. E x t r a p o l a t i o n  of  K u i p e r ’ s  (1938) t a b l e  of 
b o l o m e t r i c  c o r r e c t i o n s  y i e l d s  B.C. = -7 f o r  T e  = 100000 OK. A 
s t a r  w i t h  such a h i g h  e f f e c t i v e  t empera tu re  ought  t o  have an 
i n t r i n s i c  c o l o r  c l o s e  t o  t h a t  of an  e q u i v a l e n t  b l a c k  body. A p -  
p l i c a t i o n  of t h e  normal f reddening law t o  t h e  observed c o l o r s  of 
A p u r e  hel ium s t a r  of 7 . 5  Mg h a s  M b o l  = - 7 . 4  and 
HZ 29  i n d i c a t e a n  i n t r i n s i c  c o l o r  c l o s e r  t o  t h a t  of a BO main- 
sequence s t a r .  But r a p i d  r o t a t i o n  would c e r t a i n l y  a f f e c t  t h e  
color i n  t h e  same way, and there i s  a l s o  t h e  p o s s i b i l i t y  of 
con tamina t ion  of t h e  color b y  a c i r c u m s t e l l a r  enve lose  o r  G i s k .  
I n  any c a s e ,  t h e  i n t e r s t e l l a r  e x t i n c t i o n  m u s t  be s n a l l .  With an 
a p p a r e n t  v i- magnitude mv = 1 4 . 2 ,  the d i s t a n c e  of i iZ  29 coiaes 
o u t  t o  be approximate ly  6000 pc.  I t s  h e i g h t  above t h e  g a l a c t i c  
p l a n e  i s  v i r t u a l l y  t h e  same. 
7 
Such a l a r g e  d i s t a n c e  i s  not  n e s s a r i l y  i n  c o n f l i c t  w i t h  known 
d a t a .  The i n t e r s t e l l a r  reddening a t  t h e  l a t i t u d e  of HZ 29 
(b" = +79O) is  expected t o  be v e r y  sma l l  even f o r  an  o b j e c t  
l o c a t e d  o u t s i d e  t h e  Galaxy (Eggen and Sandage 1 9 6 5 ) .  The p rope r  
motion of  HZ 29 i s  e i t h e r  of  no s i g n i f i c a n c e  a t  a l l  (Luyten and 
M i l l e r  1951) o r  of v e r y  margina l  s i g n i f i c a n c e  ( P e l s  and Blaauw 
1953; Luyten 1 9 6 5 a ) .  - The r a d i a l  v e l o c i t y  is  n o t  known. A number 
of o t h e r  P o p u l a t i o n  I stars a r e  observed l y i n g  a t  g r e a t  d i s t a n c e s  
above t h e  g a l a c t i c  p l a n e .  The m o s t  d i s t a n t  objects i n  Blaauw's  
(1961) l i s t  ofrunaway OB s t a r s  l i e  a t  2000-3000 pc from t h e i r  
presumed p l a c e  of o r i g i n .  The s p e c t r o s c o p i c  b i n a r y  HZ 2 2  (B2-5 V) 
l i e s  a n  amazing 13000 pc above t h e  g a l a c t i c  p l a n e  ( G r e e n s t e i n  
quoted  i n  Luyten 1965k) .  These s t a r s  w e r e  e i t h e r  formed n e a r l y  
-- i n  s i t u  o r  e j e c t e d  a t  h i g h  v e l o c i t y  o u t  of t h e  p l a n e .  
I f  e j e c t e d  o u t  of the p lane  e a r l y  i n  i t s  e v o l u t i o n a r y  h i s t o r y ,  
t h e  ave rage  v e l o c i t y  of HZ 29 may be s imply computed. On t h e  
assumpt ion  t h a t  7 .5  MQ r e p r e s e n t s  t h e  exposed helium c o r e  o f  a 
s t a r  evolved t o  t h e  end o f  co re  hydrogen b u r n i n g ,  t h e  i n i t i a l  
mass must have 3 e e n  2 25 MQ, y i e l d i n g  a p r e s e n t  age of 5 6 X l o 6  
y r  @ t o t h e r s  1963, 1 9 6 5 ) .  Hence t h e  average  v e l o c i t y  inus t  have 
b e e n  - 1000 km/sec. Th i s  is q u i t e  e x t r a o r d i n a r y .  Two p o s s i b l e  
ways a r e  sugges ted  t o  avoid  such a conc lus ion .  F i r s t ,  i f  t h e  
b o l o m e t r i c  c o r r e c t i o n  h a s  been u n d e r e s t i m a t e d ,  t h e  d i s t a n c e  ought  
t o  be co r re spond ing ly  reduced.  Second, i f  r a p i d  r o t a t i o n  of t h e  
> 
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s t a r  ( i n f e r r e d  above) keeps  it completely mixed d u r i n g  e v o l u t i o n ,  
t h e n  i t s  i n i t i a l  mass need on ly  be ? 7.5  Mo, y i e l d i n g  a l o n g e r  
age of I 1 X l o 8  y r .  However, Mestel (1965) h a s  i n d i c a t e d  t h e  
d i f f i c u l t y  of m a i n t a i n i n g  mixing c u r r e n t s .  Moreover, s i m i l a r l y  
h i g h  space  v e l o c i t i e s  must be i n f e r r e d  f o r  the  normal s t a r s  HZ 2 2  
and P Leo i f  t h e y  o r i g i n a t e d  i n  t h e  g a l a c t i c  p l a n e  ( c f .  d i s c u s s i o n  
i n  Luyten 1965b) .  W e  conclude t h a t  a g r e a t  d i s t a n c e  and s h o r t  
l i f e t i m e  f o r  HZ 29 a r e  n o t  imposs ib le .  
It  i s  f i n a l l y  r e l e v a n t  t o  c o n s i d e r  t h e  p o s s i b l e  mechanisms 
which could have  caused an  o b j e c t  l i k e  HZ 29. One p o s s i b i l i t y  
is Blaauw's  (1961)  mechanism invo lv ing  r a p i d  mass loss from a 
modera t e ly  close s t e l l a r  comparison, e . g . ,  i n  a supernova ex- 
p l o s i o n .  The  secondary  is e j e c t e d  a t  t h e  o r b i t a l  v e l o c i t y .  How- 
e v e r ,  t h e  e x p u l s i o n  of t h e  s e c o n d a r y ' s  envelope due t o  e x p l o s i o n  of 
t h e  pr imary  i s  not  p o s s i b l e  on momentum c o n s i d e r a t i o n s ;  t h i s  might  
a l s o  be i n f e r r e d  from t h e  a p p a r e n t l y  normal s p e c t r a  ob ta ined  of 
Blaauw's  runaway s t a r s  by W a l l e r s t e i n  and Wolff ( 1 9 6 5 ) .  The 
anomalous composi t ion  of HZ 29 must be due t o  some o t h e r  mechanism 
c a u s i n g  loss of t h e  hydrogen envelope.  P u l s a t i o n a l l y  d r i v e n  waves 
a r e  one p o s s i b i l i t y  (Simon and S t o t h e r s  1 9 6 9 ) .  Forced r o t a t i o n a l  
e j e c t i o n  of m a t t e r  i s  a n o t h e r  ( L i m b e r  1964) .  Envelope s t r i p p i n g  
&e t o  b i n a r y  i n t e r a c t i o n  i s  a t h i r d  (Paczynski  1 9 6 7 ) .  Regarding 
t h e  l a s t  mechanism, an  i n v i s i b l e  companion a t  Doderate  s e p a r a t i o n  
f r o m  HZ 29 i s  n o t  prec luded  by t h e  o b s e r v a t i o n s .  W e  have ,  a t  
l e a s t ,  t h e  example of t h e  spec t roscop ic  b i n a r y  HZ 2 2  a t  l a r g e  
g a l a c t i c  h e i g h t ,  which seems d i f f i c u l t  t o  e x p l a i n  on Blaauw's  
t heo ry .  It i s  a v e r y  r e a l  p o s s i b i l i t y  t h a t  these o b j e c t s  wers 
formed n e a r l y  in s i t u .  
F u r t h e r  s t u d i e s  of o t h e r  helium s t a r s  f o r  p o s s i b l e  v a r i a b i l i t y ,  
a s  well a s  a d d i t i o n a l  d a t a  on t h e  p r e s e n t l y  known subluminous 
v a r i a b l e s  (Herbig 19651, would be  ve ry  v a l u a b l e .  
It i s  a p l e a s u r e  t o  thank  D r .  N.R. Simon f o r  s agges t ing  t h a t  
HZ 29 might  be a mass ive  hel ium s t a r .  
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